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Abstract
Background
Recent years have seen a growing interest in the physical activity of pregnant patients and its
effects on obstetric outcomes. Apart from its positive influence on healthy pregnant patients,
moderate physical  effort  also plays an important  role in therapeutic procedures in women
diagnosed with gestational diabetes mellitus.  The aim of this paper was to assess the link
between daily physical activity of patients diagnosed with gestational diabetes mellitus and
neonatal birth weight.
Material, patients and methods-
The study group included 100 patients with gestational diabetes mellitus (GDM) between 26
and 32 weeks’ gestation. Their physical activity was assessed using the International Physical
Activity Questionnaire (IPAQ), the Pregnancy Physical Activity Questionnaire (PPAQ) and a
pedometer.
Results
No significant correlation between neonatal birth weight and the parameters describing the
type and intensity of physical activity was shown. Neonatal birth weight correlated positively
with pregravid BMI of the pregnant patient. A negative correlation was identified between
gestational weight gain and pregravid BMI.
Conclusion
There was no relationship between daily physical activity during pregnancies complicated by
diabetes mellitus and neonatal birth weight. Maternal pregravid weight was found to be an
important parameter affecting the infant’s weight.
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Introduction
Physical activity has a positive effect on healthy pregnant patients, and plays an important
role  in  therapeutic  procedures  in  women  diagnosed  with  GDM.  Two  types  of  diabetes
mellitus that may occur during pregnancy are distinguished: the first one is pre-gestational
diabetes  mellitus  (PGDM),  where  a  woman  already  diagnosed  with  diabetes  mellitus  –
regardless of its type – becomes pregnant, or where hyperglycemia is first diagnosed during
pregnancy.  The  second  one  is  gestational  diabetes  mellitus  (GDM),  which  is  the  most
prevalent  metabolic  disorder  present  during  pregnancy.  GDM  is  defined  as  glucose
intolerance of varying severity. It is usually diagnosed at 24-28 weeks’ gestation on the basis
of oral glucose tolerance test results [1].
Of  all  the  neonatal  anthropometric  parameters,  birth  weight  appears  to  have  the  most
significant  effect  on  the  child’s  future  health.  Of particular  importance  is  excessive  birth
weight equaling or exceeding 4,000 g, which is defined as macrosomia. This corresponds to
the 90th percentile at 40 weeks’ gestation according to standard growth charts. More precisely,
the 90th percentile or higher at any time of the pregnancy denotes excessive fetal weight in
relation  to  gestational  age  (or  LGA  for  ‘large  for  gestational  age’).  Studies  show  that
macrosomia is  an important  risk factor for obesity,  diabetes  mellitus  type 2, or metabolic
syndrome in school age, adolescence or adult life [2-5]. A higher risk of macrosomia in the
child is related to many factors, such as maternal obesity, pathologic maternal weight gains
during pregnancy, hyperglycemia during pregnancy, higher age of the pregnant patient, and
genetic and ethnic predispositions. What is more, the mother’s macrosomia may be another
factor resulting in a larger neonatal birth weight [6-13]. While the mother’s age, the number
of children born, previous births of macrosomic neonates, genetic load, descent, or maternal
birth weight are beyond any control and cannot be changed, the remaining features such as the
woman’s body weight,  gestational  weight gain and blood sugar level  can be modified by
intervention  [14].  Introducing  an  appropriate  nutritional  model  and  physical  exercises  in
women diagnosed with gestational diabetes mellitus has been observed to have a positive
effect on the final obstetric outcome. In one study, there were differences between the group
of women subjected to intervention and the control group, which were expressed in lower
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neonatal birth weights. Its authors also noted that irrespective of whether diabetes mellitus
was controlled or not, the presence of obesity reduced the therapeutic effectiveness of the
applied interventions, thus having a negative impact on the course of the pregnancy and the
final outcome [15]. Moreover, in another study, after processing the results of three meta-
analyses  it  was  found that  the  difference  in  neonatal  birth  weights  between  women who
exercised during pregnancy and the control group was minimal or non-existent. Nevertheless,
the women that continued intensive exercises into the third trimester delivered more babies
weighing 200-400 g less than the control group, and no increased risk of intrauterine growth
restriction was observed [16]. 
Objectives
To  assess  the  link  between  daily  physical  activity  undertaken  by  pregnant  women  with
diabetes mellitus and neonatal birth weight.
Material, patients and methods
The study carried out between July 2015 and March 2016 at the Diabetes Outpatient Clinic of
the  Autonomous  Public  Combined  Provincial  Hospital  of  Szczecin  included  100  women
between 26 and 32 weeks’ gestation demonstrating hyperglycemia first diagnosed during the
pregnancy.  Patients  with  multiple  pregnancies,  pre-gestational  diabetes  mellitus,  using
hyperglycemic drugs  or having other severe ailments that develop during pregnancy were
excluded from the study. The study received a positive review from the Institutional Review
Board Review of the Pomeranian Medical University of Szczecin (KB-0012/88/15).
The data gathering process was divided into three stages – a questionnaire-based interview,
pedometer measurement, and a phone follow-up after labor. Details about their body weight,
height and family and obstetric history of conditions, as well as biochemical data – such as
OGGT and HbA1c results – were obtained. Their physical activity was assessed using two
questionnaires – the International Physical Activity Questionnaire (IPAQ) and the Pregnancy
Physical Activity Questionnaire (PPAQ) – and a pedometer that the patients wore for 3 days.
At approximately 1 to 3 months after labor they were asked to provide information about the
week  and  type  of  labor,  the  method  by  which  their  diabetes  mellitus  had  been  treated,
neonatal birth weight and length, and the infant’s sex.
Also, their BMI (Body Mass Index) was calculated. The BMI is a simple indicator of the body
weight to height ratio, commonly used for classifying underweight, overweight and obesity in
171
adults. The WHO defines it as a person’s weight in kilograms divided by the square of the
person’s height in meters (kg/m2). 
Using the body mass index, the patients were divided into three groups: one of women with
normal weight (the standard weight was between 18.5 and 24.9 kg/m2), one of overweight
patients (weighing between 25 and 29.9 kg/m2) and one of obese patients (>30 kg/m2). The
BMI was calculated by dividing pregravid weight by the square of their height in meters (kg/
m2).
Statistical analysis
The gathered results were analyzed using the licensed Statistics 12 software (StatSoft, Inc.
Tulsa,  OK,  USA).  The  averages,  standard  deviations,  interquartile  ranges  and percentage
shares were calculated for the individual parameters. Further on, the Student’s t-test or the
Mann–Whitney U test were performed for independent samples, and matrices of correlation
between two lists of variables were developed. The p≤0.05 significance level was assumed. 
Results
Out of the 100 studied patients, 3 were underweight, 51 demonstrated normal body weight
prior to pregnancy, 25 were overweight, and 21 were obese. The underweight patients were
excluded from any further analysis. Table 1 contains basic details of the patients, divided by
their pregravid BMI.
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Table 1. Comparison of basic characteristics of the studied women.
standard
(n=51)
overweight
(n=25)
obesity
(n=21) p
Average ± standard deviation
Age (in years) 29.90 ± 4.73 29.00 ± 5.00 29.48 ± 5.44 NS
Pregravid BMI (kg/m2) 22.22 ± 1.73 27.11 ± 1.27 35.14 ± 4.70 <0.001
Pregravid weight (kg) 61.37 ± 6.49 75.43 ± 7.50 97.33 ± 14.49 <0.001
Height (m) 1.66 ± 0.06 1.67 ± 0.07 1.66 ± 0.04 NS
Gestational weight gain (kg) 10.76 ± 5.45 7.87 ± 5.31 2.97 ± 9.17 <0.001
Week of labor 38.70 ± 1.91 39.00 ± 1.00 39.00 ± 1.00 NS
Type of labor (number of studied 
patients and %)
natural labor: C-section
28:23
55%:45%
8:17
32%:68%
7:14
33.3%:66.7%
NS
Maternal birth weight (g) 3170.00 ± 656.60 3248.00 ± 561.00 3181.00 ± 555.00 NS
Neonatal birth weight (g) 3208.78 ± 456.97 3451.00 ± 492.00 3368.00 ± 409.00 0.038
No. of children (number and %)
<2500 g: 2500-4000 g: >4000 g
2:48:1
3.9%:94.1%:2%
1:21:3
4%:84%:12%
0:20:1
0:95%:5%
0.008
Length of infant (cm) 53.84 ± 3.41 56.00 ± 4.00 54.00 ± 0.00 NS
75 g OGTT
Glucose level at 0' (mg/dl) 93.37 ± 9.63 90.98 ± 10.98 92.92 ± 8.12 NS
Glucose level at 60' (mg/dl) 168.1 ± 33.27 158.80 ± 42.11 166.67 ± 33.81 NS
Glucose level at 120' (mg/dl) 143.82 ± 30.48 141.25 ± 35.46 137.31 ± 24.21 NS
HbA1c (%) 5.06 ± 0.28 4.86 ± 1.15 5.31 ± 0.26 0.001
GDM1: GDM2 (number and %) 32:19
62.7%:37.3%
12:13
48%:52%
8:13
38%:62%
NS
BMI – Body Mass Index
n – number of the group’s members
p – significance level
Differences between body weight gains were observed, and they were statistically significant
between all the groups. The higher the BMI, the lower was the weight gain. Moreover, women
with normal body weights had smaller babies compared to overweight patients. Obese patient
had higher glycated hemoglobin levels and a larger share of macrosomic babies than those
with a  normal  weight.  The remaining parameters,  such as  maternal  birth  weight,  glucose
tolerance test results, GDM1 and GDM2 frequency, and the week and type of labor, did not
differ significantly.
Table  2  shows  the  measurements  results  for  physical  activity  undertaken  by  the  studied
pregnant women.
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Table 2. Physical activity parameters of pregnant women.
BMI (kg/m2) 18.5-24.9 25-29.9 >30 p
PPAQ MET-hrs/wk - average (standard deviation)
Sum 175.19  (61.79) 176.93 (68.16) 176.72 (122.4-227.8) NS
Moderate act.
% of all
38.84  (31.35)
22.17%
46.40  (43.09)
26.22%
36.93 (38.22)
20.9%
NS
Intensive act.
% of all
0.00 (0.00)
0%
0.00 (0.00)
0%
0.00 (0.00)
0%
NS
IPAQ MET-hrs/wk - average (standard deviation)
Sum 61.66  (58.05) 61.94  (59.07) 40.79 (38.98) NS
Moderate act. 27.65  (37.22) 17.40  (20.56) 26.71 (30.23) NS
Intensive act. 8.63 (28.62) 9.60 (24.92) 8.20 (23.55) NS
PPAQ MET- hrs/wk - average (standard deviation)
Sedentary act.
% of all
44.71 (20.11)
25.52%
39.49 (16.50)
22.32%
50.12 (26.18)
28.36%
NS
Light act.
% of all
89.85 (36.12)
51.29%
90.52 (38.70)
51.16%
89.15 (40.18)
50.45%
NS
Housework
% of all
92.39  (50.86)
52.74%
95.44 (69.12)
53.95%
95.46 (69.87)
54%
NS
Professional 
work
% of all
2.87 (12.48)
1.64%
7.22 (25.04)
4.1%
3.87 (14.83)
2.19%
NS
Sports
% of all
11.35  (7.36)
6.48%
8.96  (5.21)
5.1%
5.87 (3.35)
3.32%
0,024
IPAQ - average (standard deviation)
Sitting hrs/wk 31.01 (13.75) 24.78 (9.79) 31.42 (11.34) 0,039
Walking MET-
hrs/wk
25.38  (22.58) 34.94 (32.98) 10.87 (10.58)
0,003
General activity 
score (no. and 
%)
low:
average: high:
9:19:23
17.6%:37.3%:45.1%
2:11:12
8%:44%:48%
7:8:6
33.3%:38.1%:28.6%
0,042
Pedometer steps/day – median (standard deviation)*
Day 1 5936.46 (2978.34) 7789.00 (5705) 5122.00 (3086.00) NS
Day 2 5771.85 (2388.16) 6971.00 (4848) 6074.00 (2637.00) NS
Day 3 (holiday) 5252.28 (2388.16) 5008.00 (3178) 5410.00 (3132.00) NS
Average steps 5616.71 (2340.86) 6516.00 (3178) 5535.00 (2582.00) NS
General activity 
score (no. and 
%)
sedentary: low:
average: active:
high:
23:16:6:3:0
47.9%:33.3%:12.5%:6.3
%:0
9:8:4:1:1
39%:34.8%:17.4%:4.4
%:4.4%
9:5:4:1:0
47.4%:26.3%:21%:5.3
%:0
NS
* for the pedometer: standard n=48, overweight n=23, obesity n=19
BMI – Body Mass Index, IPAQ – International Physical Activity Questionnaire, MET-hrs/wk – MET units expressed in hours per week, p – 
significance level, PPAQ – Pregnancy Physical Activity Questionnaire
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As  for  the  differences  between  women  demonstrating  normal  weights  and  those  with
overweight, the only significant one was the amount of time they spent sitting during the day
– this value was higher for the normal-weight patients than for the overweight women.
The differences between the overweight patients and the obese ones were as follows: women
with higher BMIs spent more time sitting during the day, walked less, and their PPAQ showed
smaller shares of exercises. What is more, differences in respect of the general activity score
in the IPAQ were observed to be in favor of the lower BMI patients – their scores were higher.
To  compare  the  results  for  the  normal-weight  group  with  those  for  the  obese  group,
differences with regard to the time spent strolling and exercising were noted, with the slimmer
patients demonstrating a higher share of such activity.
All the studied women were in the same period of pregnancy, namely between 26 and 32
weeks' gestation. The data obtained indicated that all the groups demonstrated similar activity
as measured using the pedometer. The numbers of steps taken did not vary much between
them depending on their  original  body weight.  Also,  no discrepancy was observed in the
numbers of steps taken on working days and holidays.
The patients were also grouped by the levels of physical activity according to the general
IPAQ  score.  Differences  in  obstetric  outcomes  were  studied  in  relation  to  the  patients'
physical activity, but no significant dissimilarities were shown to exist between the particular
groups (Table 3).
Table 3. The level of physical activity in relation to the obstetric outcomes.
Average ± standard deviation p
low activity
level
average activity
level
high
activity level
number 19 39 42 NS
BMI 27.47 ± 8.13 26.15 ± 5.54 25.24 ± 4.76 NS
Obstetric outcomes
week of labor 39 ± 1.5 38.5 ± 2.4 39 ± 1.2 NS
gestational weight 
gain (kg)
7.5 ± 6.8 7.3 ± 7 9.8 ± 7
NS
neonatal birth weight 
(g)
3213 ± 381 3224 ± 574 3370 ± 442
NS
Infant length (cm) 54.6 ± 2.3 53.5 ± 3.9 54.8 ± 3.3 NS
Type of labor (no. 
and %) nb: cs
8: 11 
42.1%: 57.9% 
18: 21
46.1%: 53.9%
19: 23
45.2%: 54.8%
NS
BMI – Body Mass Index, cs – C-section, nb – natural birth
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The  next  stage  of  the  analysis  involved  searching  for  any  correlations  between  selected
parameters.
No link was identified between the patients' physical activity and neonatal birth weight. The
parameters compared were: the average number of steps, the average number of hours spent
sitting during the week (IPAQ), walking in terms of MET-hrs/wk (IPAQ), the total number of
MET-hrs/wk, and sporting activity using the PPAQ.
An attempt was undertaken to assess the correlation between the women's pregravid BMI and
their levels of physical activity, as well as biochemical and obstetric parameters.
It  turned  out  that  there  was  a  substantial  negative  correlation  between  the  original  body
weight of the women and their weight gains during pregnancy. The higher weight of the given
patient the lower was her weight gain. This correlation is shown in Figure 1.0
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Fig. 1. Diagram of distribution – the correlation between maternal pregravid BMI and
total weight gain during pregnancy.
Moreover, it was shown that body weight correlated positively with the glycated hemoglobin
level (Figure 2.) and neonatal birth weight (Figure 3.). The higher the BMI, the higher was the
patient’s HbA1c and neonatal birth weight.
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Fig. 2. Diagram of distribution – the correlation between maternal pregravid BMI and
HbA1c.
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Fig. 3. Diagram of distribution – the correlation between maternal pregravid BMI and 
neonatal birth gain.
A correlation was found between pregravid BMI and only one parameter describing physical
activity – the amount of time spent walking/strolling derived from the IPAQ. The higher their
pregravid BMI, the less the women walked during pregnancy (Figure 4.).
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Fig. 4. Diagram of distribution – the correlation between maternal pregravid BMI and 
the amount of time spent walking per week.
Discussion
The  2015  ACOG guidelines  on  physical  activity  and  exercise  during  pregnancy  and  the
postpartum period indicate that there is no relationship between physical activity and obstetric
complications, while such activity brings about numerous benefits [16].
An Australian team's research identified no significant  correlation between the length and
frequency of vigorous physical effort and average neonatal birth weight in the women studied.
They  only  considered  vigorous  efforts  undertaken  by  pregnant  women  who  performed
recreational physical exercises on a daily basis [17]. Therefore, the methodology used in that
research  differed  from the  one  used  in  our  study,  where  patients  were  asked  to  make  a
subjective assessment of their own activity, no heart rate could be measured, and their activity
was calculated  using a pedometer.  Thanks to the methods adopted here,  we were able  to
monitor not only their recreational activity, but also any activity undertaken during the day.
The PPAQ allowed us to monitor not only recreational, but also domestic and professional
activity.
Barakt et al. noted that light-intensity resistance exercises and toning exercises performed in
the second and third trimesters by women who had earlier led a sedentary lifestyle, had no
effect on neonatal  birth weight [18].  They did not study the patients'  natural  activity,  but
rather  a  specific  intervention  was  implemented,  the  results  of  which  –  similarly  to  our
research – showed no correlation between physical activity (even if intensified, as in the study
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r = -0.243
of  Barakt  et  al.)  and  neonatal  birth  weight.  Nevertheless,  it  was  also  observed  that  the
women's  body weight  prior  to  pregnancy in  the  non-practicing  group was positively  and
significantly correlated with the size of their babies, whereas no such link was identified for
the practicing patients'  group. A similar correlation was found in our study, where it  was
shown that pregravid BMI was an important factor affecting the size of the neonate. This was
confirmed by another paper in which the influence of obesity and diabetes mellitus on the
development  of  macrosomia  was  studied.  It  was  shown  that  pregravid  obesity  was
considerably linked to the risk of delivering an LGA baby. Moreover, the effects of existing
diabetes mellitus on the risk of LGA were the largest in women who were originally obese
[19]. In our study it was determined that obese patients delivered macrosomic babies more
often than patients with lower body weights did, which was in agreement with the results of
the  paper  quoted  above.  Moreover,  the  BMI  >30  kg/m2 group  had  a  higher  glycated
hemoglobin level, which in itself could be a risk factor for a larger neonatal birth weight.
In  another  study  including  a  control  group,  the  effects  of  exercises  performed  to  music
(aerobics) on newborn's birth size were examined. As in the previously discussed study, the
participants were women who had not been physically active prior to pregnancy. The study
demonstrated that the undertaken activity did not impact the newborn's size. Hence, it was
concluded that exercising appeared to be safe both for the pregnant patients and their children.
However, the effects of maternal body weight on the obstetric outcome were not examined
[20].
Other researchers studied the effects of physical activity and the share of resting activities on
the risk of macrosomia. It was noted that women who were anticipated to deliver children of
larger  weights  demonstrated  a  tendency  to  reduce  their  activity  in  the  third  trimester  of
pregnancy. It was suggested that the share of resting activities (or a change to a sedentary
lifestyle) in the final period of gestation might potentially result in increased neonatal birth
weights [21]. In our research, only the patients' activity at the turn of the second and third
trimesters was examined. Therefore, it was impossible to monitor any changes in the women's
patterns of activity throughout their pregnancies, or how such changes could have affected the
final outcomes.
Melzer et al. studied how the recommended physical activity levels during pregnancy affected
obstetric  outcomes.  Their  study subjects  were late  in  their  pregnancies  (35-41 weeks).  A
specialist measurement device in the form of a sensor was used, which the participants carried
with them for  5  consecutive  days  without  changing their  lifestyle.  After  the  results  were
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analyzed it was found that the more active women spent more time doing medium-intensity
activities than the inactive women did, but no differences were observed in respect of the
amount  of  high-intensity  activities.  Moreover,  no differences  were  identified  between the
groups of active and inactive patients with regard to neonatal birth weight [22]. Similar links
were determined in our own study, where the highest-intensity physical activities accounted
for a very small  share of all  the activities,  which was a common phenomenon for all  the
patients  studied,  while  the  effects  of  physical  activity  on  neonatal  birth  weight  were
statistically insignificant. Also, the influence of maternal weight gain during pregnancy on
neonatal birth weight was studied. It was shown that patients with lower pregravid BMIs and
lower weight gains had children with smaller weights than women with higher BMIs (>25 kg/
m2) and higher weight gains (>16 kg). The children of women with the highest BMIs and
those who gained the most weight had the largest birth weights. Women with normal BMIs
gained the most weight, while patients with a BMI >29 kg/m2  gained the least. It was found
that a considerable maternal weight gain during pregnancy resulted in a higher neonatal birth
weight  [23].  Those results  were in  agreement  with the results  of  this  paper.  Higher  BMI
patients demonstrated lower weight gains, which might have had some impact on achieving
normal obstetric outcomes regardless of their original BMIs.
In the DALI research, an intervention was performed among obese pregnant patients before
20 weeks' gestation, which consisted in introducing a healthy diet and/or physical activity. It
was shown that the diet group demonstrated a lower weight gain in comparison to the group
where only physical activity was applied. Hence, it appears that a well-balanced diet may be
the main factor affecting the pregnant patients' weight gain [24]. It should be remembered that
our study only included patients already diagnosed with GDM. Therefore, they had already
been instructed by the therapeutic team on the appropriate diet to be observed, which was an
important part of their treatment. In treating diabetes mellitus, appropriate nutrition plays a
crucial role. Not only does it help maintain the correct blood glucose level, but also – by
preserving the energy balance – allows for harmonious and normal weight gains [25]. As the
aforementioned studies have shown, this last factor may have a significant impact on infant
sizes.
Few of the available  studies have been carried out  exclusively on women with GDM. In
assessing the impact of pregnant patients' physical activity on infant birth weights, not only
the type of activity and the period of gestation in which the measurement are taken, but also –
in the first place – maternal pregravid weight and postpartum weight (weight gain) should be
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taken into account. Another important element is whether or not the studied parameters have
been modified – whether an intervention has been performed in order to increase the intensity
of the patients' efforts, or whether the assessment is based on the patients’ daily and natural
physical activities, as was the case in our study.
Conclusion
Natural  physical  activity  during  GDM pregnancies  does  not  affect  neonatal  birth  weight.
Infant birth weight is more affected by pregravid BMI of the mother than the physical activity
she undertakes during pregnancy as expressed in MET-hrs/wk or the number of steps taken
per day. Thanks to an appropriate treatment – mostly a diet – most of our patients were able to
achieve  correct  obstetric  outcomes.  This  was  probably  linked to  maintaining  blood sugar
levels within the norm, and to maintaining proper weight gains.
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